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TYPE  2001 -X1  BmiN&  ACCURACY  TRLUi 
OCTOBBR  19^ 

ISBCIS 


1  •  Bearing  accuracy  measurements  mere  made  for  the  Type  2001  ^Xl  passive 
sonar  displays  by  comparing  sonar  and  periscope  bearings  of  a  noise  source* 

2.  Some  results  for  the  Sector  Display  and  the  FFI  Display  vdien  used  in 
their  active  modes  were  obtained  during  a  later  trial  and  are  included  in 
Appendix  A. 

CONCLUSIONS 


3*  The  accuracies  of  the  i<e8ults  for  individual  beams  are  limited  by 
small  sample  sizes  and  the  relative  coarseness  of  the  measuring  technique. 
The  accuracies  for  the  displays,  averaged  over  all  beams,  ar0  summarised 
below,  and  are  reasonably  close  to  the  limits  given  in  the  Agreed  Character¬ 
istics  for  Type  2001 . 


Display 

Average  Error 

Standard  Deviation 

RMS  Error 

HP  Accurate  Bearing 

-0.1f6° 

0,68° 

+  0,82° 

LF  Accurate  Bearing 

-0,43® 

0,86° 

+  0,96° 

HP  Pen  Recorder 

-0,57° 

0.50° 

+  0.77° 

Sector  Display 
(Passive  Mode) 

-0,43° 

0,94° 

+  1.04° 

Sector  Display 
(Active  Mode) 

-0,43° 

1,4° 

1+ 

• 

0 

j  PPI  (Passive  Mode) 

O 

ON 

• 

7 

0,95° 

0 

♦  1 .5 

i - 

'  PPI  (Active  Mode)  -0,8° 

1,28°  1  +1,5° 

,L,  .  .  .  ....  _  . i....,.—  I  ,  —III.  .  .  I  ...  I 


if.  There  is  surprisingly  little  difference  betv»een  the  accuracies  of  the 
passive  displays  and  in  fact  the  r.m.s,  error  for  the  HP  pen  recorder  is 
slightly  less  than  for  its  associated  "accurate  bearing"  display. 


5*  There  is  a  bias  towards  negative  errors  for  all  displays  (i.e,  sonar 
bearing  less  than  periscope  bearing)  but  the  distributions  of  negative  errors 
between  port  and  starboard  beams  are  too  inconsistent  to  suggest  a  possible 
misalignment  of  the  periscope  bearing  ring  or  of  the  transducer  array, 

6,  The  active  results  show  similar  overall  mean  errors  to  the  passive 
sector  display  and  PPI  figures  but  with  larger  standard  deviations.  The 


CUi^PIDBKTL'LL 


2. 


larger  standard  deviations  are  probably  due  to  the  less  controlled  nature 
of  the  active  measurements* 

7*  It  should  be  emphasised  that  the  results  in  this  report  are  for  relative 
sonar  bearings  read  directly  from  the  various  displays.  True  bearing  infor¬ 
mation,  as  required  for  fire  control,  is  transmitted  to  the  control  room  by 
coarse  synchros  and  the  errors  introduced  by  the  gyro  oompetss  and  synchros 
may  vvell  be  comparable  v/ith  the  scalar  errors. 


R3C0MM:QNDATIQNS 


8.  A  more  controlled  experiment  wouldbe  requiredfor  an  absolute  determina¬ 
tion  of  bearing  accuracy.  For  exafflpLe,the  submarine  could  be  moored  at  peri¬ 
scope  depth  and  sonar  bearings  of  a  movable  noise  source  compared  with 
accurate  bearings  by  shore-based  theodolites.  Existing  noise-range  facil¬ 
ities  might  well  be  extended  to  allow  these  and  other  measurements  associated 
with  large,  low-frequency  soncir  arrays  to  be  made. 
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INTRODUCTION 


9»  Results  are  given  in  this  report  for  the  bearing  accuracies  of  the 

Type  2001 -X1  passive  sonar  displays.  The  measurements  were  made  aboard 

MS  DREADNOUGHT  in  Bute  Sound  between  6th  October  and  6th  October 
Some  results  for  the  active  displays,  obtained  during  a  later  trial,  are 
included  in  Appendix  A  and  the  table  in  Ihe  Conclusion  (paragraph  3)* 

10.  Bearing  accuracies  vfere  required  for  the  following  displays: 

(The  r.m.s.  errors  given  in  the  Agreed  Characteristics  for  Type  2001  are 
shown  in  brackets.) 

(a)  HE'  Passive  Accurate  Bearing  Display  (+  ^°). 

(b)  LE  Passive  Accurate  Bearing  Display  (+  1-?°). 

(c)  Sector  Display  (+  1°). 

(d)  HF  Passive  Pen  Recorder  (+  2^^), 

(e)  PPI  (No  accuracy  figures  are  quoted  for  this  display  In  the 
Agreec.’  Characteristics.) 

11.  The  basis  of  the  trial  was  a  comparison  between  bearings  by  sonar  and 
by  HMS  DRSi JJNOUGHT ' s  attack  periscope.  Various  schemes  using  theodolites 
to  provide  a  more  accurate  bearing  standard  v;ere  considered  but  were  either 
found  to  be  impracticable  or  too  difficult  to  arrange  in  the  time  available. 

MSTHOD 


12.  A  w'ide-band  noise  was  transmitted  by  a  transducer  suspended  below  an 
anchored  IviFV.  HMS  DABiiDNOUGHT  made  a  series  of  runs  at  periscope  depth 
designed  to  svreep  the  noise  source  slowly  through  the  sonar  beams  from  ahead 
to  120°  Port  or  120°  Starboard,  spending  one  or  two  minutes  in  each  beam. 
Port  and  Starboard  runs  were  alternated  and  a  total  of  26  runs  were  made 
during  the  trial.  Ranges  varied  from  6000  to  1000  yards  and  periscope 
visibility  was  generally  adequate  at  these  ranges. 

13*  Direct  readings  from  the  sonar  bearing  displays  and  the  periscope  beaiv- 
ing  ring  v/ere  tabulated  against  the  time  from  synchronised  stop  watches 
every  10  or  20  seconds  throughout  each  run.  All  bearings  vfere  relative  to 
ship's  head  to  avoid  the  gyro  errors  which  can  occur  when  frequent  changes 
of  course  are  made.  Radar  range-time  data  were  also  tabulated. 

1A.  Periscope  bearings,  PPI  bearings  and  radar  ranges  were  read  off  and 
recorded  by  the  AtTvTN  trials  team.  All  other  sonar  bearings  v/ere  read  off 
by  HMS  D.tffiADN0U&HT' s  sonar  operators. 

15.  A  rough  check  of  the  number  of  results  obtained  for  each  beam  was  kept 
during  the  trial  to  ensure  statistically  significant  results  ,  despite  the 
relatively  large  random  errors  inherent  in  the  method  although  subsequent 
detailed  analysis  showed  that  this  aim  was  not  alv/ays  I'ealised. 


Recording  Errors 

16.  Periscope  and  sonar  'bearing  scales  wege  graduated  every  degree  and 
could,  with  care,  be  read  to  the  nearest  ^  .  In  practice,  because  readings 
v/ere  taken  quickly,  there  was  a  bias  towards  whole  numbers.  This  is  clearly 
shown  in  Pigure  1  v/hich  gives  distributions  of  0,  -5  degree  readings 

for  tvfo  sonar  and  two  periscope  recorders.  Such  rounding-off  errors  obvi¬ 
ously  reduce  the  significance  of  small  samples. 

Periscope  Accuracy 

17«  No  data  are  available  for  the  periscope  accuracy  other  than  the  fact 
that,  during  installation,  the  bearing  ring  was  aligned  so  that  its  zero 
corresponded  closely  to  the  ship's  fore  and  aft  line.  However,  it  is  prob¬ 
ably  reasonable  to  assume  that  systematic  errors  form  only  a  small  fraction 
of  the  r,m,a,  periscope  errors. 

Treatment  of  Results 

1 8,  Sonar  bearings^for  the  various  runs  were  grouped  into  beams  by  taking 
readings  v/ithin  +  2  of  the  nominal  axes  (+  10”  for  the  PPI  beams).  The 
error  within  a  beam  is  assumed  to  be  constant.  Periscope  and  sonar  readings 
were  not  usually  coincident  in  time  and  linear  interpolation  between  points 
was  used  in  obtaining  the  dil'ferences.  These  differences  and  the  corres¬ 
ponding  ranges  from  the  radar  data  were  put  on  punched  tape,  A  simple  com¬ 
puter  programme  was  then  used  to  correct  for  the  parallax  caused  by  the 
separation  of  periscope  and  transducer  array  (32  yards)  and  to  obtain  the 

mean  difference  and  standard  error  of  the  mean  each 

beam.  The  significance  of  the  results  v/as  tested  by  applying  the  "f'-test 
for  small  samples,  i.e.  the  mean  difference  for  a  beam  is  assumed  to  be 

significantly  different  from  zero  if  the  value  of  t  = 

standard  error 

less  than  a  5%  probability  of  being  exceeded  by  chance.  Tables  of  t  for 
various  sample  sizes  and  probability  levels  are  given  in  most  text  books  of 
statistics. 

19»  The  beams  are  formed  from  different  delay  lines  and  different  sections 
of  the  transducer  array  and,  as  will  be  seen  from  the  results,  there  are 
significant  differences  between  the  bearing  errors  for  many  of  the  beams  so 
that  a  single,  true  bearing  error  cannot  be  assumed  for  a  particular  dis¬ 
play.  The  results  for  a  display  are  therefore  summarised  by  the  average  and 
standard  deviation  of  the  mean  differences  for  the  beams  rather  than  by  the 
averajifa  over  all  the  data. 


IIESULTS 


20,  The  results  giveia  are  specifically  for  the  Type  2001-X1  sonar  fitted 
in  HilS  DHEADIWU&HT.  They  are  typical  of  the  results  to  be  expected  for 
future  Type  2001  sonars  'but  variations  ore  possible  because  of  equipment 
tolerances. 
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HF  Passive  Accurate  Bearing  Display 

21 ,  Table  1  gives  the  moan  differences  between  sonar  eind  periscope  beeur- 
ings  and  the  corresponding  standard  errors.  Figure  2(a)  shows  the  distri¬ 
bution  of  errors.  The  following  conclusions  axo  drawn  from  these  results. 

(a)  Confidence  limits  for  these  mean  errors  are  wide,  particularly 
for  the  smaller  samples  but  at  least  twenty-six  of  the  forty- 
seven  beams  have  mean  errors  which  are  significantly  different 
from  zero  (at  a  5^b  level  of  significance). 

(b)  Thirty-seven  beams  have  mean  errors  of  less  thgn  +1°  and  only 
the  starboard  beams  have  errors  greater  than  1  . 

(c)  All  starboard  beani  errors  are  negative,  i.e,  sonar  bearing  less 
than  periscope  bearing, 

(d)  The  average  error^for  the  display  is  -0,46°  with  a  standard 
deviation  of  0,68  .  The  r,m,s,  error  about  zero  mean  is 

+  0,82  , 

(e)  Results  for  the  25°  and  55°  starboard  beams  are  suspiciously 
high,  possibly  because  of  a  rather  high  bearing  rate  through 
these  beams,  and  are  not  supported  either  by  results  for  other 
displays  or  by  previous  measurements  of  the  HF  Correlograms, 
Neglecting  these  two  beams  gives  an  overall  r,m,s,  error  of 

+  0,73  f  just  Tiithin  the  Agreed  Characteristics, 

LF  Passive  Accurate  Bearing  Display 

22,  These  results  are  given  in  Table  2  and  Figure  2(b)  and  are  summsurised 
as  follows;- 

(a)  At  least  twenty-five  beams  have  significant  mean  errors, 

(b)  *ill  the  beams  measured  have  mean  errors  less  than  +  2°  and 

thirty-eight  of  these  errors  are  less  than  +  •  ^11  port 

beams  have  negative  errors, 

(c)  The  mean  error  fog  the  display  is  -0,43°  with  a  standard  ^ 

deviation  of  0,86  ,  The  r,m,s,  error  about  zero  mean  is  +  0,96  . 

(d)  Comparing  Hi'  and  LF  results,  the  overall  mean  errors  are  very 
similar  and  differences  between  errors  for  corresponding  beams 
rarely  exceed  +  2  , 

(e)  There  is  hovfever  no  correlation  between  the  results  for  HF  and 
LF  boams  (correlation  coefficient  =  -0,01  )  vjhich  supports  the 
absence  of  significant  systematic  periscope  errors. 

Sector  Display  (Passive  Node) 

23,  The  sector  display  results  are  given  in  Table  3  and  Figure  3(a)  and 
are  summarised  below.  These  results  refer  to  the  bearing  of  the  noise 
spoke  on  tho  sector  display  cathode  ray  tube  and  not  to  the  bearing  of  a 
target  echo.  Bearing  accuracy  results  for  active  operation  of  the  sector 
display  y/ere  obtained  in  a  later  trial  and  are  discussed  in  Appendix  A. 
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(a)  At  least  sixteen  of  the  heatiiG  have  significant  mean  errors. 

(b)  Twenty-eight  beams  have  mean  errors  of  less  than  +1°. 

(c)  The  mean  error  for  the  display  is  -0.4.3°  'with  a  standard  devia¬ 
tion  of  0.94  •  The  r.m.s.  error  is  +  1.04°. 

HF  Passive  Pen  Recorder 


24.  These  results  are  given  in  Table  4  and  Figure  3(1^)  and  are  summarised 
as  follows :- 

(a)  At  least  twenty-four  beams  show  significant  departui'es  from  zero 
bearing  error. 

(b)  Thirty-six  beams  have  mean  errors  of  less  than  1°. 

(c)  The  mean  error  for  the  display  is  -0.57°  with  a  standard  deviation 
of  0.5  .  The  r.m.s.  error  about  a  zero  mean  is  +  0.77°. 

PEE  Display  (Passive  Mode) 

25.  The  results  for  the  PPI  are  given  in  Table  5  and  the  following  conclu¬ 
sions  are  drawn: 

(a)  Ten  of  the  twelve  beams  have  errors  which  are  significantly 
different  from  zero. 

(b)  Eleven  beams  have  mean  errors  of  less  than  2°. 

(0)  The  mean  error  for  the  display  is  -0^93°  ^'ri.th  a  standard  deviation 
of  0.95°«  The  r.m.s.  error  is  +  1  .3  . 


CONFIPBNTIAL 


CuljFIPEKriAL 


8 


COIfi'TDgNT 


TABLE  2;  LP  PASSIVE  ACCU: 


Beam 

PORT  BEAI© 

Number 

of 

Results 

Mean 

Difference 

Degrees 

Standard 

Error 

Degrees 

0 

20 

0.93 

.21 

5 

19 

-0.43 

.14- 

10 

11 

0.08 

.1 6 

15 

18 

-0.42 

.17 

20 

5 

-0.13 

.46 

25 

5 

-1.21 

.05 

30 

3  . 

-1.59 

.08 

35 

11 

-0.57 

.23 

40 

8 

-1.42 

.26 

45 

8 

-1,46 

.20 

50 

2 

-1.54 

.40 

55 

4 

-1.64 

.32 

60 

5 

00 

• 

1 

.21 

65 

- 

- 

- 

70 

3 

CO 

•X) 

• 

o 

1 

.19 

75 

3 

-1.66 

.00 

80 

6 

-1.1 6 

.26 

85 

q 

-1 .49 

.24. 

90 

-0.97 

.31  . 

95 

8 

-0.22 

.43 

10 

-1.20 

.22 

3 

-0.70 

.21 

6 

-0.84 

.37 

115 

3 

-1 .02 

.44 

i 
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BEAR1N6  BESULTS 


1  STARBOARD  BEAUS 

Number 

of 

Results 

Mean 

Difference 

Degrees 

Standard 

Error 

Degrees 

13 

-0.46 

.33 

11 

0.06 

.48 

15 

-0.31 

.24 

6 

0.75 

.16 

7 

SO 

. 

0 

1 

.46 

4 

-0.63 

1.12 

4 

-0.62 

.65 

4 

0.15 

.39 

4 

-0.60 

.57 

6 

—0.1 0 

,27 

5 

1,82 

.50 

9 

0.18 

.40 

2 

1.55 

.49 

5 

1.03 

.39 

6 

0.35 

.63 

9 

0.66 

CO 

CM 

• 

9 

0.63 

.22 

10 

-0.19 

.38 

10 

-0.04 

.41 

12 

-1.52 

.26 

-0.20 

.48 

13 

-0.07 

.42 

4  '  0.12 

1.,  i  „  . —  ■■■  .j 

.96 

AL 
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Table  3:  sector  Dispuir  results 


Beam 

PORT  BLMS 

STi^OidiD  BEAI^ 

Number 

of 

Results 

Mean 

Difference 

Degrees 

Standard 

Error 

Degrees 

Number 

of 

Results 

Mean 

Difference 

Degrees 

— 

Standard 

Eiror 

Degrees 

0.27 

0.39 

0.46 

0.30 

0.32 

0.22. 

0.41 

0.31 

0.59 

0.26 

0.35 

0.75 

0.22 

0.24- 

0.29 
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TABLE  5;  PFI  RESULTS 


PORT  BEiOia 

ST/JtBOARD  Bij^AMS 

Beam 

Number 

of 

Results 

Mean 

Difference 

Degrees 

standard 

Error 

Degrees 

Number 

of 

Results 

Mean 

Difference 

Degrees 

Standard 

Error 

Degrees 

10 

20 

-0.56 

mgm 

20 

-0.47 

0.10 

30 

20 

-0.79 

■a 

20 

-1.45 

0.14 

50 

20 

-1.78 

0.10 

20 

0.77 

0.15 

70 

10 

-2.58 

0.58 

20 

0.26 

0.09 

90 

19 

-0,80 

0.23 

13 

-0.11 

0.22 

110 

9 

00 

00 

• 

1 

0,05 

18 

-1.80 

0.06 

1 
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APEETOIX  A;  SISCTOK  DISPL/.Y  Alfl)  PPI  ACTIVli!  BKJffiTOR  ACCHRACTII!^ 

1 .  The  opportunity  was  taken  during  a  recent  initial-detection  trial 
(November  1964)  to  measure  the  Sector  Display  and  PPI  bearing  accuracies 
in  the  active  mode. 


2,  The  method  adopted  was  for  H},1S  DREADNOUG-HT  to  steer  a  constant  course 
relative  to  a  surface-ship  target  for  long  enough  to  take  about  a  dozen 
readings  or  sonar  and  periscope  bearings.  Sonar  and  periscope  readings 
were  taken  at  roughly  the  same  time  but  no  times  were  actually  noted  and 
for  the  purposes  of  analysis,  readings  were  assumed  to  be  ooinciden^. 
Measurements  were  made  for  seventeen  different  bearings  between  11 O”  Port 
and  110  Starboard  at  an  average  range  of  6000  yards. 


3,  Mean  errors  for  the  various  bearings  are  given  in  Table  6  below. 
Errors  averaged  over  all  bearings  for  the  tv;o  displays  are  as  follows :- 

(a)  Sector  Display;  average  Error  -0,43°*  Standard  Deviation  1.4°, 
r.m.s.  Error  +  1,5°, 

(b)  PPI;  Average  Error  -0,8°,  Standard  Deviation  1,28°,  r,m,s. 
Error  +  1 .5  • 

TABLE  6:  SECTOR  DISPLAY  AI^D  PPI  ACTIVE  RESULTS 


Port 

Bearing 

— 

Mean  Error,  degrees 
_ 

Starboard 

Bearing 

Mean  Error,  degrees 

Sector  Display 

PPI 

Sector  Display 

PPI 

87° 

-3.14 

+0,84 

110° 

98° 

-0.35 

+0.17 

-2,8 

75° 

-2,15 

-2.9 

82° 

+0,25 

-2.7 

62° 

-2,05 

-2.0 

67° 

+1.4 

+0.13 

55° 

-1.45 

-0.7 

53° 

+0.25 

+0.3 

44° 

-0,7 

-0.13 

38° 

+1.9 

-1.2 

31° 

-1.85 

-2,2 

25° 

+0,6 

+0.2 

22° 

-1.7 

10° 

+1.5° 

+1.0 

9° 

-1,1 

-0.14 

4° 

+1.1° 

-0.5 

■  -  -  •  ■  ■ 


4,  As  for  the  corresponding  passive  results,  both  Sector  Display  and  PPI 
show  a  strong  bias  towards  negative  errors ,  particularly  in  the  port  beam, 
but  the  actual  errors  are  considerably  higher  in  the  active  ease.  There  is 
a  tendency  for  the  bearing  errors  to  be  larger  for  broad^aspect  targets  but 
this  is  not  conclusive. 
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